Background: This longitudinal study of patients with diabetes examined the relationship between changes in depressive symptoms and changes in diabetes self-care behaviors over 5 years. Design, Patients and Measurements: A total of 2759 patients with diabetes enrolled in a large HMO were followed over a 5-year period. Patients filled out a baseline mail survey and participated in a telephone interview 5 years later. Depression was measured with the Patient Health Questionnaire (PHQ-9) and diabetes self-care was measured with the Summary of Diabetes Self-Care Activities (SDSCA) questionnaire. Baseline and longitudinal evidence of diabetes and medical disease severity and complications were measured using ICD-9 and CPT codes and verified by chart review. Results: At the 5-year follow-up, patients with diabetes with either persistent or worsening depressive symptoms compared to those in the no depression group had significantly fewer days per week of following a healthy diet or participating in !30 min of exercise. At 5-year follow-up, patients with clinical improvement in depression symptoms showed no differences compared to the no depression group on number of days per week of adherence to diet but showed deterioration in adherence to exercise on some, but not all, measures. Conclusions: Patients with diabetes with persistent or worsening depressive symptoms over 5 years had significantly worse adherence to dietary and exercise regimens than patients in the no depression group. These results emphasize the need to further develop and test interventions to improve both quality of care for depression and self-care in diabetes patients.
Introduction
A recent meta-analysis showed that across 12 studies, patients with chronic medical illness and comorbid depression compared to those with medical illness alone had threefold greater rates of nonadherence to self-care regimens (DiMatteo et al., 2000) . Depression may adversely affect self-care because of its effects on memory, energy, motivation, and self-efficacy (Katon, 2003) . Medical illnesses that require the most time and energy to complete daily self-care may be most adversely affected by depression.
Compared to other chronic medical illnesses, diabetes self-care places significant demands on patients including dietary, exercise, glucose monitoring, and medication adherence requirements. Prior cross-sectional studies have shown that comorbid depression in patients with diabetes compared to patients with diabetes alone is associated with poor adherence to diet, exercise, and cessation of smoking . However, the cross-sectional nature of these data limits causal interpretation. While depression may lead to poor adherence to self-care activities such as exercise, some studies have shown that lack of exercise may also be associated with subsequent development of depression (Lampinen and Heikkinen, 2003) . Moreover, lack of adherence to selfcare may hasten onset of medical complications and functional decline, which may precipitate depression episodes (Prince et al., 1998) . Longitudinal data may shed light on whether it is plausible to expect effective treatment of comorbid depression in patients with chronic medical illness to be followed by meaningful improvements in self-care regimens.
The purpose of this 5-year longitudinal study of patients with diabetes is to examine the association of changes in depressive symptoms with changes in diabetes self-care activities, including diet, exercise and smoking. We hypothesized that significant clinical improvements in depression symptoms would be associated with synchronous improvement in adherence to self-care regimens, whereas persistent or increasing depressive symptoms would be associated with continued poor or worsening adherence to selfcare regimens.
Methods

Setting
Group Health (GH) is a mixed model prepaid health plan serving about 500 000 members in Washington State. Most GH patients receive medical services within the integrated group practice and nine GH primary care clinics were selected for this study. All study procedures were approved by institutional review boards at GH and University of Washington.
Study cohort selection
The original cohort for this longitudinal survey (Pathways Epidemiology Study) was sampled from adults !18 years of age from the GH diabetes registry who received care at any one of the nine study clinics between 2000-2002. The diabetes registry database includes all GH members meeting any of the following eligibility criteria in the prior 12 months: filled prescription for insulin or an oral hypoglycemic agent, two fasting glucose levels !126 mg/dl, two random plasma glucose levels !200 mg/dl, two outpatient diagnoses of diabetes, or any inpatient diagnosis of diabetes (McCulloch et al., 1998) . Beginning in March 2001, surveys were mailed to 9063 potentially eligible patients, but 1222 patients were later found to be ineligible due to death, disenrollment, and erroneous diagnosis of diabetes or cognitive impairment. Among 7841 eligible patients, 4839 subjects (61.7% of eligible patients) returned the baseline questionnaire. All surviving patients (N ¼ 4175) who did not request no further contact (N ¼ 662 deaths, 2 requested no contact) were approached by the GH telephone survey team approximately 5 years after baseline questionnaire in order to complete a brief telephone interview.
Measurements
The Patient Health Questionnaire (PHQ-9) was used to screen for depression at both baseline and 5-year follow-up (Spitzer et al., 1999; Kroenke et al., 2001) . The PHQ-9 diagnosis of major depression has been found to have an adequate sensitivity (73%) and high specificity (98%) in relation to a diagnosis of major depression based on structured interviews (Spitzer et al., 1999; Kroenke et al., 2001) . A score of !10 has been recommended as the optimum cutoff for major depression (Kroenke et al., 2001 ).
We applied the optimum cutting score of 10 to screen for patients with clinically relevant depressive symptoms. We used two measures of depression: the depression score at baseline (defining groups as nondepressed for those with a PHQ-9 score of <10 and as having clinically significant depressive symptoms based on a PHQ-9 score of !10); and a measure of significant clinical change in depressive symptoms at 5-year follow-up. We defined clinically important changes in depression as a change of !5 points on the PHQ as recommended in the literature (Kroenke et al., 2001) and also based on the fact that 5 points on the PHQ was equal to approximately one standard deviation on this measure. Thus, we created four depression groups based on baseline and 5-year followup PHQ-9 scores, which we labeled as 'no depression' (<10 at baseline and <5 point increase in PHQ), 'persistent depressive symptoms' (!10 at baseline and <5 point decrease in PHQ), 'worsening depressive symptoms' (<10 at baseline but !5 point increase in depressive symptoms), and 'improving depressive symptoms' (!10 at baseline and !5 point decrease in depressive symptoms).
The baseline questionnaire included questions on age, sex, years of education, employment, race/ ethnicity, marital status, height, and weight. Questions about clinical status included: age of onset, duration of diabetes, and type of treatment at onset. Baseline HbA 1c level was derived from automated lab data with the HbA 1c level closest in time to the return date of the screening questionnaire used. Automated pharmacy data regarding the use of oral hypoglycemic agents and insulin indicated the intensity of treatment. Exercise, diet, and smoking were measured at baseline and 5-year follow-up using the Summary of Diabetes SelfCare Activities (SDSCA) questionnaire, which has been showed to have high reliability and validity. Patients were asked to state the number of days in the past week (from 0 to 7) that they had: followed a healthy eating plan, eaten !5 servings of fruits and vegetables, eaten high fat foods such as red meat or whole-fat dairy products, participated in !30 continuous minutes of physical activity, participated in !30 minutes of specific exercise session (i.e., swimming or biking) (Toobert et al., 2000) .
Less than 2 days per week was chosen to indicate poor adherence to self-care because of data suggesting that at least 2 h per week of physical activity is needed for cardioprotection in patients with diabetes. (Hu et al., 2001) .
To evaluate smoking, patients were asked:
Have you smoked a cigarette-even one puff in the last 7 days? (Yes or No) . If yes, how many cigarettes did you smoke on average in the last 7 days?
Patients were classified as having type 1 diabetes if onset was prior to 30 years of age, insulin was the first treatment prescribed, and they were currently taking insulin.
Computerized pharmacy records were used to compute a chronic disease score (RxRisk), a measure of medical comorbidity based on prescription drug use in the previous 12 months (Fishman et al., 2003) . A measure using automated data was used to code for 7 types of diabetes complications present at baseline: retinopathy, neuropathy, nephropathy, cerebrovascular, cardiovascular, peripheral vascular, and metabolic (ketoacidosis, hyperosmolar coma) (Young et al., 2008) . This diabetes complication measure has been shown to predict subsequent mortality and hospitalization rates (Young et al., 2008) .
Evidence of macrovascular and microvascular complications and coronary procedures (coronary artery bypass surgery, angioplasty, or stent placement), cerebrovascular procedures (carotid endarterectomy), and peripheral vascular procedures (angioplasty or major vascular surgery of the aorta or peripheral vasculature) were identified both before baseline and during follow-up from automated medical records data using ICD-9 and CPT codes (American Medical Association, 2005) . Macrovascular events including myocardial infarction, stroke, and peripheral vascular disease were verified by chart review. The specific codes and definitions for myocardial infarction, stroke, and coronary procedures were adopted from the Women's Health Initiative study, with the addition of CPT codes that have come into use during the period of follow-up (Curb et al., 2003; Heckbert et al., 2004) .
Statistical analyses
The analysis sample consisted of 2759 participants who completed the 5-year assessment, gave permission for their medical records to be abstracted and completed depression questionnaires at screening and 5-year follow-up (see Figure 1 ). Approximately 84% of the sample was !50 years of age. This group was compared to the rest of the eligible study sample (N ¼ 1167) who were alive at the 5-year assessment, but who either did not give permission for their medical records to be reviewed, refused the telephone interview, were lost to follow-up, or had multiple missing items on the depression questionnaire.
The four longitudinal depression groups were formed as described above and we then computed summary statistics for the depression groups using the PHQ-9. The four depression groups were compared on demographic and clinical characteristics using an analysis of variance for the continuous variables, and a x 2 analysis for the discrete measures. A priori, we partitioned the 3-degree of freedom group difference variance into 3 single degree of freedom contrasts, testing each of the depression groups against the 'no depression' reference group.
Descriptive means and standard deviations were generated for the health behavior variables at both assessments for each of the four depression groups, and individual analyses of covariance (ANCOVAs) were performed on each measure. For baseline measures, the covariates were age, gender, race, employment, education, marital status, macrovascular, and microvascular events before and after baseline, number of diabetes complications, RxRisk, HbA 1c , insulin use, type 1 diabetes, and years with diabetes. For the analyses of the 5-year data, we also added the baseline value of the health behavior as a covariate.
In order to better understand the relationship between depression to changing behaviors over time, we first stratified individuals on the basis of their baseline self-care status into two groups: those 'with' and 'without' health promoting behaviors at the baseline assessment (van Gool et al., 2003) . For each health behavior, subjects were stratified based on number of days per week that they reported the health behavior at baseline. These groups were analyzed separately using logistic regression analyses; those who endorsed 0-1 days were analyzed separately from those who endorsed 2-7 days a week of: healthy eating, !30 min of physical activity, !30 min of specific exercise, and eating !5 servings a day of fruits and vegetables at baseline. Current cigarette smoking was considered to be unhealthy, while not smoking was considered healthy. These analyses used the same set of covariates as described above (with the exception of baseline values).
For those in the 'healthy groups' (i.e., 2-7 days of healthy eating or exercising), we predicted the relative risk of worsening health behaviors (i.e., changing to 0-1 day), while for those in the 'less healthy groups' (0-1 day of healthy behaviors) we predicted the relative risk of persistent less than optimum health behaviors (remaining at 0-1 day). Due to the large proportion of individuals with some of the target outcomes (>10%) we used Poisson regressions to estimate the relative risk (RR) for each depression group in reference to the no depression group using robust estimation techniques in STATA. The RRs and their 95% confidence intervals have been shown to be better estimates than the odds ratios when the prevalence of the outcome is rather large (McNutt et al., 2003) . For cigarette smoking, initiation (going from not smoking to smoking) or Int J Geriatr Psychiatry (2009) persistence (continued smoking) was predicted from the covariates and the longitudinal depression groups.
Results
Participants (n ¼ 2759) were compared to those not completing the survey (n ¼ 1017), not allowing use of automated data (n ¼ 139) or missing the depression questionnaire at either baseline or 5-year follow-up (n ¼ 11) (Figure 1 (1) ¼ 87.41, p < .001). The large sample size magnifies the small clinical differences found between participants and nonparticipants. Because the larger difference between participants and nonparticipants on race was more meaningful, race is included as a covariate in subsequent analysis. Table 1 describes the initial PHQ-9 scores and 5-year follow-up PHQ-9 scores across the four subgroups of patients. We also analyzed the number of patients with a !10 at baseline who had a !5 point increase in their PHQ-9 score; there were only 16 patients meeting this criteria and they were included in the persistent depression group. Table 2 describes that the four depression groups differed globally on all measures except for race/ ethnicity, Rxrisk, microvascular events/procedures post-baseline, and macrovascular events pre-baseline. In general, the no depression group differed significantly from the improved depression and persistent depression groups, whereas the no depression and the worsening depression groups were generally similar in baseline characteristics. In comparison to those with no depression those with either improved depression or persistent depression were more likely to be women, married, younger, have Type II diabetes, have higher HbA 1c levels, have more diabetes complications, have a higher likelihood of being treated with insulin, and had more microvascular events/procedures before baseline.
Based on the ANCOVAs, Table 3 demonstrates that the four depression groups had significant differences in the number of days with a healthy diet, number of days eating !5 servings of fruits and vegetables, number of days with !30 min of physical activity and !30 min of specific exercise at both baseline and at the 5-year follow-up after adjusting for the covariates.
At baseline, compared to the no depression group the improved depression group had significantly fewer mean days in the prior week of each of the four measures of healthy eating and exercise, significantly more days of eating high fat foods, and a significantly greater proportion of smokers (Table 3) . At baseline, compared to the no depression group, the worsening depression group did not differ on any selfcare measure and the persistent depression group had significantly fewer days in the prior week on the four measures of healthy eating and healthy exercise, but did not differ on the number of days of eating high fat food or the proportion of smokers.
At 5-year assessment, compared to the no depression group, those with improved depressive symptoms did not differ on any of the five dietary or exercise symptoms; those with worsening depressive symptoms had significantly fewer days on the four healthy eating and exercise measures and significantly more days of eating high fat foods; those with persistent symptoms had significantly fewer days eating a healthy diet and fewer days on the two exercise measures, but not on the number of days eating fruits and vegetables of at least 5 servings or on the number of days eating high fat foods (Table 3 ). No differences in the percent of patients who Table 1 Mean and SD PHQ-9 scale scores at baseline and 5-year assessments 
Improved depression symptoms
Worsening depression symptoms
Persistent depression symptoms
Global test (217) 6.5% (129) 12.8% (49) 9.3% (20) 10.9% (19) 3.46* 5 Year 6.6% (181) 5.2% (104) 11.0% (42) 7.9% (17) 10.3% (18) 0.21 smoke were seen at the 5-year follow-up across the four depression groups. Table 4 shows that patients with either worsening or persistent depressive symptoms were significantly more likely than the no depressive symptom group over the 5-year period to have a decrease from 2-7 days to 0-1 day in the prior week of: eating a healthy diet, doing !30 min of a specific physical continuous activity or !30 min of a specific exercise session (see Table 4 ). Compared to the no depression group, the subgroup with worsening depressive symptoms was also significantly more likely to have a decrease from 2-7 days to 0-1 day in the prior week of eating fruits and vegetables !5 times a day.
Table 4 also describes that in patients who had very low initial levels of self-care, the subgroup with clinically important worsening depressive symptoms was significantly more likely than the subgroup with no depression to have remained at 0-1 day of eating at least 5 servings a day of fruits and vegetables as well as doing !30 min of a specific physical activity. The subgroup with persistently high levels of depressive symptoms was significantly more likely than the no depression group to have remained at 0-1 day of !30 min of either any physical activity or a specific physical exercise.
For the subgroup with improved depressive symptoms the only differences from the no depression group is that these patients were significantly more likely to have decreases in !30 min of physical activity and !30 min of specific exercise at 5-year follow-up.
Initiation of smoking was significantly related to worsening depression. There were no other significant changes in smoking associated with differences in course of depressive symptoms. 
Discussion
Our 5-year data show that patients with persistent depressive symptoms or a clinically important increase in depressive symptoms had significantly more days in the previous week of not following recommended diabetes dietary or exercise regimens. Of the five dietary and exercise questions, those with worsening depressive symptoms had significantly fewer days of following all five of these regimens and those with persistent depressive symptoms had significantly fewer days of following three of the five regimens compared to participants with no or few depressive symptoms. Moreover, our 5-year data show that on the four dichotomous dietary and exercise outcomes, those with worsening depression were significantly more likely to go from 2-7 days to 0-1 days in the prior week of following recommended regimens on all four measures, and those with persistent depression on three of four measures. Those with worsening depressive symptoms were also found to have a significantly higher risk of initiating smoking at the 5-year follow-up. This is of particular concern because smoking in patients with diabetes raises the risk of microvascular and macrovascular complications (Williams, 2003) . Multiple studies have shown that depressed people are more likely to be smokers (John et al., 2004) , to have a more difficult time quitting smoking (Anda et al., 1990) and that depressive symptom exacerbation is linked with restarting smoking (Hughes, 2007) .
Fewer differences on dietary and exercise regimens were shown between those whose depressive symptoms improved over the 5-year period compared to those who had low levels of depressive symptoms over this period. Those with improved depressive symptoms had no significant differences at 5-year follow-up compared to the group with no depressive symptoms in the number of days in the prior week of following any of the five diabetes dietary or exercise regimens. On the dichotomous measures, those with improved depressive symptoms were significantly more likely than the no depression group to move from 2 to 7 days in the prior week to 0 to 1 day at 5-year follow-up on both exercise measures but not on the two dietary measures.
The poorer self-care associated with persistent or emergent depressive symptoms among patients with diabetes compared to the group with no depression supports the idea that health behaviors deteriorate over time in the presence of depressive symptoms. Our data in the group with improved depressive symptoms compared to the no depression group showed a consistent effect on lack of deterioration of adherence to dietary regimens, but a more inconsistent effect on decrease in adherence to exercise. Two studies of patients with comorbid depression and diabetes that tested collaborative care interventions to improve depressive outcomes showed no effect on improving dietary regimens and only one of the trials found a benefit on improving exercise self-care regimens (Williams et al., 2004; Lin et al., 2006) . However, given the modest differences between depressed and nondepressed populations, it is apparent that these studies that have tested depression interventions to improve outcomes of patients with depression and comorbid diabetes were underpowered to compare the effect of the depression interventions on self-care activities (Williams et al., 2004; Lin et al., 2006) . It is also possible that improvement in depressive symptoms alone is not sufficient to bring about changes in health behavior and that the ideal treatment for patients with diabetes and depression is to treat the depression and provide specific counseling for health behaviors.
The adverse effect of depression on self-care regimens in patients with diabetes may explain, in part, the results of recent longitudinal studies that have shown that comorbid depression in patients with type 2 diabetes is associated with increased macrovascular and microvascular complications (Black et al., 2003) and mortality rates (Black et al., 2003; Egede et al., 2005; Katon et al., 2005; Katon et al., 2008) . Depression's effect on the hypothalamic pituitary axis, sympathetic nervous system and inflammatory markers has also been posited as having an adverse impact on diabetes control, morbidity, and mortality.
Limitations of this study include the fact that the population was drawn from one large HMO in the Pacific Northwest limiting generalizability, only approximately 70% of the eligible population participated in this follow-up study and that initial and follow-up depression and self-care measurement occurred over a relatively long 5-year period with no interval measurement completed. The strengths of this study include the large sample size, the diversity of the population, the use of well-validated and reliable questionnaires, the use of automated data to control for severity of diabetes, comorbid medical illnesses and treatment intensity, and the ability to control for sociodemographic variables.
Conclusion
Patients with diabetes and persistent depressive symptoms or worsening depressive symptoms over a 5-year period were shown to have either sustained poor adherence or worsening adherence to diet and exercise regimens compared to patients with low levels of depressive symptoms.
